This study examined the comparative physiological health of the endemic New Zealand common bully (Gobiomorphus cotidianus) in the Tarawera and Rangitaiki Rivers. Bully were sampled downstream of pulp and paper effl uent inputs in the Tarawera River and compared with a similar inland population in the Rangitaiki River. Condition factor and liver somatic index did not differ between populations, but Tarawera River bullies possessed larger gonads. Haematological assessments found smaller erythrocytes with reduced haemoglobin content, and increased leukocyte concentrations in Tarawera River females. Male and female Tarawera River bullies had signifi cantly induced hepatic ethoxyresorufi n-O-deethylase (EROD) activity. Greater ovarian follicular steroid production was also found for Tarawera River females. Microscopic analysis of ovarian tissue samples found no histopathological abnormalities in either population and indicated a slightly advanced vitellogenic stage of development in the Tarawera River population. It is concluded that the difference in steroid production between populations was most likely linked to gonad size and developmental status. In line with the disappearance of physiological effects in recent controlled laboratory and mesocosm pulp and paper effl uent exposures, this study further demonstrates that, with the exception of EROD induction, characteristic pulp and paper effl uent effects are not obvious in wild Tarawera fi sh.
Introduction
International research on the environmental effects of pulp and paper mill effl uents has been ongoing for over 40 years. Considerable effort has been directed at determining and understanding the physiological effects of effl uent exposure in fi shes. The ability of various mill effl uents to alter reproductive physiology in particular has been well established (Munkittrick et al. 1997; Hewitt et al. 2008) . Although effects continue to be observed in both laboratory and fi eld settings (McMaster et al. 2006; Parrott et al. 2006) , at least some degree of recovery in wild populations has been observed in Canadian mill effl uent receiving environments over the last decade (McMaster et al. 2006) .
The majority of pulp and paper effl uent effects-based research in New Zealand has focused on the Tasman and Kinleith pulp and paper mills that respectively discharge their effl uents into the Tarawera and Waikato Rivers of the North Island. The most intensive research program has focused on the Tasman Mill and Tarawera River, which through controlled laboratory and mesocosm studies, has revealed the gradual disappearance of physiological effects that have been linked to mill process changes and improved effl uent quality (reviewed by van den Heuvel et al. 2010) . In contrast to controlled Tasman Mill effl uent studies, the predominately wild fi sh monitoring program on the Waikato River has found that population and reproductive impacts continue to be observed within the pulp and paper mill effl uent-impacted zone of this system (West et al. 2006; Landman et al. 2008) . Consequently, the question of whether or not similar physiological effects associated with prolonged effl uent exposure may be occurring in wild Tarawera River fi sh populations remains largely unanswered.
The main factor preventing a physiological impact assessment of wild fi sh in the Tarawera River has been the inability to identify a suitable monitoring species (van den Heuvel et al. 2010) . It was ultimately determined that the endemic New Zealand common bully (Gobiomorphus cotidianus) would be the most suitable candidate since this species is known to exhibit high site fi delity as adults, thus refl ecting local environmental conditions, and their benthic nature ensures exposure to both water and sediments within a given system (West, 2006; van den Heuvel et al., 2007; Landman et al. 2008; Bleackley et al. 2009 ). However, the fi rst attempt to undertake a physiological assessment of this species in the Tarawera River revealed genetically distinct and reproductively asynchronous upstream and downstream populations preventing comparisons from being made between effl uent-exposed and unexposed fi sh (van den Heuvel et al. 2007 ). It was not until a genetically, reproductively, and geographically analogous population was confi rmed in the Rangitaiki River (Michel et al. 2008; Bleackley et al. 2009 ) that a physiological impact assessment of wild fi sh in the Tarawera River could be undertaken.
This study sought to examine the physiological effects of long-term pulp and paper effl uent exposure of resident common bully in the Tarawera River downstream of mill effl uent inputs through a direct comparison with an unexposed reference population of similar geographic location (inland distance) in the Rangitaiki River. To attain a general view of physiological health, a selection of biological endpoints were employed which were directed across several levels of biological organization to include physiological (condition factor and organosomatic indices), reproductive (ovarian steroid biosynthetic capacity), histopathological (blood, ovary tissue), and biochemical (hepatic mixed function oxygenase activity) endpoints.
Materials and Methods

Study Sites and Mill Descriptions
This study examined fi sh populations in the Tarawera and Rangitaiki Rivers in the Bay of Plenty Region of the North Island, New Zealand (Fig. 1) . The Tarawera River has a watershed area of 984 km2 and originates from Lake Tarawera. The river travels a distance of approximately 55 km to the coast at Matata where it enters the Pacifi c Ocean. Land use in the upstream reaches of the river consists of predominately native and exotic forests, with very little human habitation (Rutherford 1997) . In contrast, the downstream Tarawera River has been heavily modifi ed following wetland drainage and river diversion and channelization. The Rangitaiki River runs parallel to the Tarawera River. It is a larger river with a total length of 155 km and a total catchment area of roughly 3,000 km 2 . The headwaters of the Rangitaiki River originate in the central volcanic plateau within the Kaingaroa ecological district, and the river exits the coast at Thornton. The river has been hydrologically modifi ed by the construction of two hydroelectricity dams located along its mid section. Land use within the Rangitaiki catchment is dominated by agriculture, particularly dairy farming, contributing to diffuse nonpoint source nutrient inputs along the river.
There are two separate pulp and paper mills operating alongside the Tarawera River at the township of Kawerau. The largest mill is an integrated bleached kraft (BK) pulp mill and thermomechanical pulp (TMP) and paper mill, hereafter referred to as the Tasman Mill. The kraft mill produces approximately 300 and 500 T/d of unbleached and bleached pulp, respectively. The paper mill produces 900 T/d of thermomechanical pulp and 1,000 T/d of newsprint paper. Mill furnish is approximately two thirds Pinus radiata softwood and one third Eucalyptus sp. hardwood. The Tasman Mill has been elemental chlorine free since April 1998, and kraft pulp now undergoes chlorine dioxide bleaching. The combined TMP/BK effl uents are primary treated by passage through a gravity clarifi er which removes course solids. Secondary treatment is through an aerated lagoon system with a hydrological retention time of 4 to 5 d, after which the effl uent is discharged directly into the Tarawera River at a rate of approximately 130,000 m3/d. The dilution of effl uent in the Tarawera River ranges from between 5 to 12% vol/vol, representing the single largest contaminant source by volume in this system.
The second mill is a tissue paper mill. This mill historically produced approximately 110 T/d of unbleached and peroxide bleached chemithermomechanical pulp and 160 T/d of tissue paper. Pulp mill wastewater in combination with Kawerau municipal sewage effl uent was treated via an anaerobic system, discharging between 6,000 and 8,000 m3/d of effl uent, both directly to the river and to river-side rapid infi ltration basins. Production of pulp by the tissue mill was terminated in May 2007 just prior to this impact assessment. White water from the tissue paper-making process is fi rst passed through a clarifi er and then integrated into the Tasman Mill secondary treatment system before fi nal discharge to the river. 
Fish Sampling
The physiological health assessment of common bully in the Tarawera and Rangitaiki Rivers was performed toward the end of July 2007. Fish collection was timed just prior to peak gonadal growth in these populations as identifi ed by Bleackley et al. (2009) so that reproductive endpoints could be measured. The Tarawera River site (DT) was located downstream of the Tasman Mill outfall and paired against a site of roughly similar inland distance in the Rangitaiki River (DR; Fig. 1 ). Approximately 40 adult fi sh (20 male, 20 female) per site were captured using Gee minnow traps set overnight. Captured fi sh were transported back to the laboratory in 20-L plastic pails within two hours of capture and held in aerated river water prior to necropsy.
Sampling Protocol
Fish were anaesthetised (0.1 g/L MS-222, Sigma-Aldridge) prior to measurement and sampling. Approximately 30 to 100 μL of blood was taken by caudal venipuncture using preheparinised (5,000 IU/mL) 0.5-mL tuberculin syringes and stored on ice until processing. Fish were individually measured for body weight (±0.01 g), total length (±1.0 mm), organ mass (liver, gonad, spleen; ±0.001g), and carcass weight (±0.01 g). Livers were removed, weighed, and frozen in liquid nitrogen for biochemical analysis. Single ovaries were placed in histology cassettes and preserved in 10% neutral buffered formalin. Subsamples of whole ovaries from selected fi sh (size permitting) were collected for the determination of in vitro steroid biosynthetic capacity.
Haematology
Blood samples were analyzed for haematocrit, haemoglobin, total erythrocyte count, mean cell haemoglobin, mean cell haemoglobin concentration, mean cell volume, and total and differential leukocyte counts within 30 minutes of sampling. Standard methods were employed for the determination of most haematological endpoints (Dacie and Lewis 1991) . Total erythrocyte and leukocyte counts were determined using recently developed fl ow cytometric methodology (Taylor 2009). Briefl y, anticoagulated whole blood (10 μL) was suspended in a TruCount tube (BD Biosciences) containing 3.986 mL of Minimum Essential Medium (Gibco) with 0.25% bovine serum albumin (Sigma). The TruCount tube contained an accurately known predosed number of fl uorescent beads. Immediately after cell dispersion, 4 μL of 0.5 mg/mL dihexyloxacarbocyanine, DiOC 6 (3) (Molecular Probes) in dimethylsulphoxide (Sigma) was added, and then the sample was incubated on ice for 30 min in the dark. Flow cytometry counts were performed on a FACSVantage SE DiVa fl ow cytometer (BD Biosciences) equipped with a 488-nm laser powered at 300 mW. Forward scatter (FSC), side scatter (SSC) and fl uorescence were measured in the 530/30 nm wavelength range (FL1). The detector photomultiplier voltages were set at 200, 300, and 500 mV, respectively, and were viewed in logarithmic mode. Threshold was set at channel 1,000 on the FSC detector. Sample fl ow was adjusted to yield a count rate of 2,000 events/s. Data was displayed on SSC versus FL1 dot plots, and gates were set around the erythrocyte, leukocyte, and fl uorescent bead populations to defi ne each group. A total of 500 fl uorescent beads were counted. Cell count per millilitre for erythrocytes and leukocytes was determined using the following formula:
Differential leukocyte counts were determined through the examination of blood smears prepared using 2 μL of well-mixed whole blood on glass slides. Air-dried smears were fi xed in absolute methanol and stained with a Leishman-Giesma solution. The stained smears were cover-slipped using Clarion mounting medium (Sigma-Aldrich, Inc., U.S.A.), and examined and photographed by light microscopy under oil emersion at 400× magnifi cation. For each slide, areas were randomly chosen and 100 leukocytes were counted and differentiated into three different types (lymphocytes, granulocytes, and thrombocytes) based on their morphology (Zinkl et al. 1991; Tavares-Dias 2006) . Differential leukocyte concentrations were calculated by multiplying proportional counts by total leukocyte count as measured by fl ow cytometry. All cell counts were averaged by site and sex.
Ovary Histology
Oocytes were classed as one of four stages based upon levels of vitellogenesis. Stage one follicles exhibited a uniformly stained cytoplasm and a large central nucleus containing numerous small nucleoli around the periphery. Stage two follicles exhibited the development of a chorion and cytoplasm containing small empty vacuoles. Stage three follicles were characterized by the appearance of vitellogenic granules in the cytoplasm and microvilli extensions from the chorion. By stage four, the cytoplasm of the follicles was entirely consumed by large randomly dispersed vitellogenic and emptyappearing vacuoles. Only stage four vitellogenic follicles sectioned through the germinal vesicle were used for measurements. Follicle measurements were obtained using a Zeiss Axiostar plus light microscope under 50× magnifi cation. Length, width, and area measurements were obtained using a PixeLINK 1394 camera (colour) and PixeLINK capture SE software. Slides were broken into three fi elds of view, and from each fi eld of view four follicles were chosen at random for measurement. Length was measured using the longest dimension of the follicle. Width was then obtained by measuring the follicle dimension perpendicular to the midpoint of the length. Each follicle was then outlined with the area perimeter tool which subsequently calculated the surface area of each egg section. Length, width, and area values were respectively averaged between all fi elds of view for each slide.
In Vitro Ovarian Steroid Production
Determination of in vitro steroid production by fi sh gonadal tissue was conducted on 10 to 13 female fi sh per site according to the methods of McMaster et al. (1995) . This method has recently been shown to be appropriate for use with common bully ovarian follicles (Landman et al. 2008) . Whole ovaries were removed from the fi sh and sectioned into six roughly equal 20 to 50 mg pieces to be used for basal, forskolin, and human chorionic gonadotopin (hCG) stimulated incubations, each in duplicate. Using 24-well tissue culture plates, individual ovary pieces were placed into separate wells with 500 μL of Medium 199 (Gibco Invitrogen, New Zealand) containing Hank's salts without bicarbonate supplemented with 25 mM Hepes, 4.0 mM sodium bicarbonate, 0.01% streptomycin sulphate, and 0.1% bovine serum albumin (pH 7.4). Prior to incubation, media was removed and replaced with 500 μL of fresh Medium 199. An additional 500 μL of Medium 199 containing 100 IU/mL hCG (Sigma-Aldrich, St. Louis MO, USA), 10 μM forskolin (SIGMA), or no activator (basal) was added to each well. All treatments were duplicated. Samples were then incubated at 18°C for 24 h, after which the incubation medium was collected by Pasteur pipette, immediately frozen in liquid nitrogen, and stored at -85°C for later steroid determination.
Steroid hormones in incubation media were measured by the standard radioimmunoassay procedure described by McMaster et al. (1992) . Frozen incubation media samples were thawed and assayed directly in duplicate on 200-μL aliquots for testosterone (T; Sigma-Aldrich) and 17β-estradiol (E2; Sigma-Aldrich). T and E2 antibodies were obtained from Valeant (Aliso Viejo, Calif., U.S.A). Tritiated T and E2 were obtained from GE Healthcare (Little Chalfont, Buckhamshire, U.K.). Duplicate steroid determinations were averaged to provide mean steroid production per incubation treatment.
Ethoxyresorufi n-O-deethylase (EROD) Activity
Hepatic mixed-function oxygenase enzyme activity was estimated in postmitchondrial supernatant (PMS) as 7-ethoxyresorufi n-O-deethylase (EROD) activity, using a modifi cation of the fl uorescence plate-reader technique outlined by van den Heuvel et al. (1995) . Liver extracts were homogenized in a cryopreservative buffer (0.1 M phosphate, 1 mM EDTA, 1 mM dithiothreitol, and 20% glycerol, pH 7.4) and spun at 9,000 g to obtain the PMS. The EROD reaction mixture contained 0.1 M Hepes buffer, pH 7.8 (Sigma, St. Louis, Mo.), 5.0 mM Mg 2+ , 0.5 mM NADPH (Applichem, Darmstadt, Germany), 1.5 μM 7-ethoxyresorufi n (Sigma), and about 0.5 mg/ml PMS protein. The EROD activity was determined kinetically in 96-well plates using one reading every minute for 10 min on a BMG Polarstar Galaxy microplate fl uorometer (BMG Labtechnologies, Offenburg, Germany). Resorufi n was determined using 544-nm excitation and 590-nm emission fi lters. Protein content was estimated from fl uorescamine fl uorescence (390-nm excitation, 460-nm emission fi lters) against bovine serum albumin standards (Sigma).
Water and Sediment Chemistry
Water and sediment samples were analyzed for organic extractives according to the methods of Zender et al. (1994) and Tavendale et al. (1995) . Frozen effl uent samples were thawed and 125 mL of sample was adjusted to pH 9.0 with NaOH. Surrogate standards (2,4,6-tribromoanisole, 2,4,6-tribromophenol, D10-anthracene, D31-palmitic acid, 8(14)-abietenic acid, and dihydrocholesterol) were introduced immediately prior to extraction. Samples were continuously extracted with dichloromethane using glass liquid-liquid extractors. Extracts were passed through sodium sulphate and concentrated with nitrogen using a Zymark Turbovap. The fi nal extract was silylated with bis(trimethylsilyl)-trifl uoroacetamide plus 1% trichloromethylsilane and analyzed by gas chromatography with mass selective detection (GC-MSD). All analyte concentrations were corrected for extraction blanks and adjusted for the recovery of the appropriate surrogate standard. Frozen sediment samples were thawed and a 25-mL subsample of the sediment was refrozen at -80ºC, freeze-dried for 24 h, and ground to a fi ne powder using mortar and pestle. An accurately weighed 1-g (±0.001 g) subsample was then homogenized with 9 g of anhydrous granular sodium sulphate (Merck, NZ) using mortar and pestle, and subjected to solid-liquid phase extraction using the same method as for effl uent samples.
Statistics
Comparison mean site values for fi sh mass, liver size, spleen size, and gonad size data were statistically analyzed by analysis of covariance (ANCOVA) on logarithmically transformed variables with body size (length or weight) as the covariate. Male and female data were analyzed separately. Body mass and organ size data are presented in terms of condition and somatic indices for ease of comparison, where: condition factor = (fi sh mass -visceral mass)/(total length 3 ) × 100; liver somatic index (LSI) = liver mass/(fi sh mass -visceral mass) × 100; spleen somatic index = spleen mass/(fi sh mass -visceral mass) × 100; and gonadosomatic index (GSI) = gonad mass/(fi sh mass -visceral mass) × 100. Ovary mass was excluded from statistical analysis and from GSI calculation when follicles were determined to be nonvitellogenic by microscopic analysis. Remaining data were compared using analysis of variance (ANOVA) after log-transformation where departures from normality were observed. For data that did not conform to the assumptions of parametric analysis following log-transformation, an equivalent nonparametric test was used. All statistical analyses were performed with STATISTICA v8.0 software (Statsoft, Tulsa, Okla., U.S.A.). The critical level of statistical signifi cance for all tests was α = 0.05.
Results
Physiological Indices
No signifi cant differences were observed for weight as it covaries with length (condition factor), or for liver or spleen masses as they covary with body weight (Table 1) between the Tarawera and Rangitaiki bully populations. Gonadal development confi rmed both populations were close to the onset of spawning, although the mature Tarawera bullies were signifi cantly more advanced than the Rangitaiki fi sh, with a mean GSI of 8.27% versus 6.13% for females, and 0.95% versus 0.62% for males, respectively.
Haematology
There were no signifi cant between-site differences found for male common bully haematological parameters (Table 2) . Tarawera females possessed slightly smaller erythrocytes (MCV or mean cell volume) with less haemoglobin per cell (MCH or mean cell haemoglobin) compared with Rangitaiki females. Slightly higher mean total leukocyte counts were also observed in Tarawera females. The leukocytes were further differentially classifi ed into three groups based on their morphology (Fig. 2) . For both fi sh populations the lymphocytes were the dominant leukocyte type, while granulocytes and thrombocytes existed in approximately similar proportions. Mean proportional leukocyte counts were similar between sites, although Tarawera females possessed greater concentrations of both lymphocytes and thrombocytes.
EROD Activity
Signifi cant site differences were observed for hepatic EROD activity (Fig. 3) . The Tarawera fi sh demonstrated approximately 6-to 9-fold greater activity compared with the Rangitaiki fi sh. 
Ovary Histology
The bully ovary was characterized by large vitellogenic eosinophilic oocytes interspersed with small basophilic primary oocytes (less than ten percent of the diameter of the vitellogenic oocytes) (Fig. 4) . Ovarian histology revealed that 100% of Rangitaiki River bully were vitellogenic, whereas 76.3% of Tarawera River bully were vitellogenic. No ovulated follicles were present in any of the samples. This pattern was characteristic of the late maturational states of a synchronously spawning species. Sections were examined for atretic follicles and other abnormalities, but none were observed. The mean (SEM, n) vitellogenic follicle diameters were not signifi cantly different at 0.76 (0.03, 25) and 0.80 (0.04, 12) mm for the Rangitaiki and Tarawera sites, respectively. Perimeter and area of the follicles were also evaluated and no signifi cant differences between sites were found (data not shown).
In Vitro Ovarian Steroid Production
In general, ovarian follicular steroid production was greatest for Tarawera fi sh. There were no basal treatment site differences for either sex steroid measured (Fig. 5) . Induction of T production by both forskolin and hCG was 2 to 3 times higher in the Tarawera bully follicles compared with Rangitaiki (Fig. 5A) . Similarly, the ability of Tarawera bully follicles to produce E2 through activation by forskolin was also slightly higher than the reference fi sh, although no difference was observed between sites with hCG activation (Fig. 5B) . 
Water and Sediment Chemistry
Organic extractives chemistry of the downstream Tarawera River site refl ected the relative inputs into the river system from the pulp and paper mills, showing high variation in chemical components compared with the Rangitaiki River site (Table 3) . Both river sites contained detectable amounts of fatty acids and untransformed resin acids. The Tarawera River water and sediment was characteristic of a system receiving pulp and paper mill effl uent, having much higher levels of resin acids, namely abietic acid and dehydroabietic acid. Resin acid neutrals were not detected in either river water samples, but low levels were measured in downstream Tarawera River sediment samples. The resin acid neutrals were dominated by retene and tetrahydroretene.
Discussion
In an attempt to establish the suitability of the selected monitoring species and reference population, a number of earlier studies sought to understand the general biology and ecology of wild common bully in the Tarawera and Rangitaiki River systems (van den Heuvel et al. 2007; Michel et al. 2008; Bleackley et al. 2009 ). The most recent study established that the paired downstream river populations possessed similar reproductive timing and life histories (Bleackley et al. 2009 ), subsequently enabling this comparative physiological health assessment. Using a broad selection of biological endpoints, this study demonstrated that the Tarawera common bully population were exposed to contaminants capable of inducing hepatic EROD activity in the general absence of other notable physiological effects in comparison with the Rangitaiki River bully population.
In previous studies, considerable effort was focused on determining an appropriate reference population for the Tarawera River bully population. Earlier studies showed that upstream common bully had substantially different reproductive timing than the common bully in the mill effl uent receiving environment (van den Heuvel et al. 2007; Michel et al. 2008; Bleackley et al. 2009 ). Amplifi ed fragment length polymorphism genetic fi ngerprint analysis showed that upstream, nonmigratory populations of common bully were genetically distinct from the downstream migratory populations (van den Heuvel et al. 2007; Michel et al. 2008) . However, the downstream Tarawera population was genetically and reproductively similar to the Rangitiki River population. Hence the use of another river as a reference location (van den Heuvel et al. 2007; Michel et al. 2008; Bleackley et al. 2009 ). Despite this similarity, individuals representing the genetics of the upstream Tarawera River population were still present downstream, and this is likely why a signifi cant proportion of the downstream bully in the Tarawera River were nonvitellogenic. The differences in reproductive timing would also likely be refl ected in other somatic indicators of energy allocation and growth.
Integrated nutritional and/or metabolic stressors are expected to be refl ected through changes in energy allocation to somatic growth, as refl ected by condition factor (Adams and McLean 1985) . Elevated condition is commonly reported for fi sh inhabiting pulp and paper mill effl uent receiving environments as a factor of increased nutrients and water temperature (Munkittrick et al. 1994; Karels et al. 1998) . The indicators of growth and energy storage were generally similar between the Tarawera and Rangitaiki populations examined in the current study. Large body size accompanied by generally high condition factor suggests similarly enhanced productivity and/or low population density in both river systems.
Some subtle variation in energy allocation to reproduction was evident based on slightly greater GSI in the Tarawera population. Greater GSI in Tarawera fi sh was also coupled with increased ovarian steroid biosynthetic capacity. Reproductive disruption is commonly observed in pulp and paper effl uent exposed fi shes, often characterized by reduced circulating sex steroids and gonadal steroid biosynthetic capacity (Munkittrick et al. 1997; Hewitt et al. 2008; Landman et al. 2008) . Histological evaluation of ovarian tissue in this study indicated that differences in gonad size were owing to slightly, and presumably natural, advanced reproductive maturity in the Tarawera population. Continued monitoring of reproductive development following this assessment found GSI peaked in Rangitaiki River fi sh approximately one month later than Tarawera River fi sh (Bleackley et al. 2009 ). The absence of any obvious cellular lesions further suggests that differences in reproductive timing were probably not related to any direct toxicant effects.
Although recent rainbow trout (Oncorhynchus mykiss) mesocosm exposures have demonstrated the Tasman Mill effl uent may no longer directly induce EROD activity (van den Heuvel and Ellis 2002; van den Heuvel et al. 2008) , the current study found signifi cantly elevated EROD activity in wild Tarawera common bully compared with Rangitaiki fi sh. This observation is somewhat expected given that one of the preliminary wild common bully studies and a 21-d shortfi n eel (Anguilla australis) caging study have both demonstrated some degree of EROD induction in situ (van den Heuvel et al. 2006; van den Heuvel et al. 2007) . van den Heuvel et al. (2006) speculated that increased EROD activity in caged shortfi n eel below the Tasman Mill outfall could potentially be linked to contaminated sediment exposure, such as resin acids and resin acid neutrals. Resin acids that are commonly found in certain pulp and paper mill effl uents are known to be transformed in sediments under anaerobic conditions into more toxicologically potent compounds such as polycyclic aromatic hydrocarbons (PAH) (Tavendale et al. 1997a (Tavendale et al. , 1997b . The PAH retene, for example, is known to be bioavailable (Leppanen and Oikari 1999) and capable of inducing EROD activity (e.g., Maria et al. 2005) in some fi sh species. Similar to the study of van den Heuvel et al. (2006) , the current study also found the PAHs retene and tetrahydroretene, albeit in generally low concentrations, in the Tarawera River sediments which were absent in the Rangitaiki River. Contact with these chemicals in the Tarawera is almost certain given the demersal nature of the common bully.
General haematological values were slightly lower than those previously observed for wild common bully (West 2007 ). In the current study, haematology was relatively consistent between the populations, with the exception of Tarawera females. The lower MCH and MCV values of Tarawera females is confusing in that it is unusual to see changes in these secondary haematological measures without observing corresponding changes in haematocrit, haemoglobin, and/or erythrocyte count. The greater leukocyte numbers (lymphocytes and thrombocytes) in Tarawera females may be suggestive of an immune response, such as infection or disease for example, or alternatively a function of physiological (reproductive) status. These unusual haematological results cannot be adequately explained in this study alone. However, given the relatively small magnitude of the differences, these results are not considered to be of particular concern. Future investigations examining seasonal changes in haematological and immunological parameters may be required to fully understand these observations. This is the fi rst successful comparative physiological health assessment of wild fi sh populations in the Tarawera and Rangitaiki Rivers. In line with the disappearance of physiological effects in recent controlled laboratory and mesocosm experiments, this study further demonstrates that, with the exception of EROD induction, characteristic pulp and paper effl uent effects are not obvious in wild fi sh in situ. The results of this investigation contribute to a larger body of research aimed at assessing the biotic impacts of effl uent discharges to the Tarawera River through tracking ongoing changes and improvements of the combined pulp and paper mill effl uent. In addition, the fi ndings of this study can be used in future investigations by acting as a benchmark for comparison.
